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Two reasons to investigate the Mediterranean water

Critical water resources and droughts

cycle...

Heavy precipitation and floods

Between1990 and 2006
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- more than 175 flood events
- more than 29 140 M€ damages and 4 500 deaths

> Gard, Sept. 2002: ~700 I/m?
20 deaths; 1 200 M€ de damages

» Demand multiplied by 2 since 1950
» 60 million inhabitants lacking water
» 20 million inhabitants without access to drinkable water

> Alger, nov. 2001: ~260 I/m?
886 deaths; 4 000 M€ de damages




. In a context of climate change

A “hot-spot” of climate change
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» Strong regional response to climate change
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» Projections: significant warming (between +1.4 et +5.8°C in 2100),
decrease of the mean annual rainfall and increase of rainfall variability
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... In a context of climate change

Source: Hallegatte et al. (2007)
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Reason for focus on extremes

Temperature °F
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Reason for focus on extremes

Temperature °F
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Shift in climate: from Ato B

Most of time the values are the
same (green).

Biggest changes in
extremes: >200%

20 30 40

Mean A: 50°F, s.d. 10°F
Mean B: 55°F, s.d. 10°F

Source: Trenberth
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Reason for focus on extremes

Cost of droughts and heatwaves

» 2000-2006: 15% of the EU total area and 17% of the EU total population have suffered from the impacts
of droughts

» Most severe event in 2003 with more than 30.000 deaths in Europe (caused by the heatwave)

» Total cost of drought over the past 30 years: above 100 billion €

Cost of floods
» 1998-2002: EU suffered over 100 major damaging floods, including catastrophic floods along the
Danube and Elbe rivers in 2002.

» 1998-2004: floods caused some 700 fatalities, the displacement of about half a million people and at
least € 25 billion in insured economic losses
Disaster occurrence Economicdamages No. affected people
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Extreme temperature M Flood**
W Storm M Volcano
Source: Soares (2012) W Wildfire . SNGaRat Sy Wanss satmachtins

** Includes wet mass movements



Heavy precipitation and floos

Gardon d’Anduze Watershed (545 km?) Fi
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Heavy precipitation and floods
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[3]€n rencontrant Fair froid en altitude, |  |4|Bloqués par le relief, les orages
Iair chaud et humide se condense en restent stationnaires et le systéme
nuages d'orage (cumulonimbus) qui orageux se régénere en permanence.
engendrent de fortes pluies. )

2]
L'air chaud
s'éléve en
butant sur
le relief,

L'air chaud et
humide de la
Méditerranée
est poussé vers
la terre par le
vent marin.

Chaque année en automne,
le méme phénomeéne, que
les spécialistes appellent
« phénoméne cévenol », se
- répéte dans le Sud de la
Pour que le phénoméne soit violent, il faut que : France,

- la Méditerranée soit encore chaude ;
|~ les conditions climatiques aménent de I'air trés froid en altitude.  Sousce : Métdo-france. |
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Source: Bresson et al. (2012)

\\\\\

=
ot

A

- w// ISR

PR\
4.../%/”//

vlﬁ._

------

Heavy precipitation and floods

CTRL

\\\\\\\\\

T SR

\\\\\\\\\

i T

e

......

e_.. ‘ NV % ﬁ/ e




Heavy precipitation and floods

Clausius-Clapeyron (CC) law tells us that the water
holding capacity of the atmosphere goes up at about 7%
per degree Celsius increase in temperature = Air holds
more water vapor at higher temperature

dt

E. Clapeyron (1834)

e (1_—)"1’6.

@

r = C-(s—0) 57

R. Clausius (1850)

Observations show that this is happening at ¢ ©>M / S a tell l.t.e.. | dOTO , Dec 2006
the surface and in lower atmosphere: 0.55°C E OO e Trombert of ol (2003) ¥ _
since 1970 over global oceans and 4% more "~ Allan (2011)

water vapor. i
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This means more moisture available for
storms and an enhanced greenhouse effect
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Heavy precipitation and floods

Météo-France
weather stations
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Vautard et al. (2014)
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Heavy precipitation and floods
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Intempéries: les raisons d’'une désolation

/ /f 1,\-“ q 200 L'arcméditerranéen est pris en tenaille entre le changement climatique et une urbanisation galopante
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«Al'avenir, ces phénomenes seront plus intenses et frequents »
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Heavy precipitation and floods

Extreme precipitation: 2070-2099
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Heavy precipitation and floods

IPCC SREX (2012) report on the increase (or not) of floods

MANAGING THE RISKS OF EXTREME
EVENTS AND DISASTERS TO ADVANCE

“... there is limited to medium evidence available to assess climate-driven CLIMATE CHANGE ADAPTATION

observed changes in the magnitude and frequency of floods at regional SZ SN =i rGm S Sa S Ena
scales because the available instrumental records of floods at gauge <X - S=tiSu -
stations are limited in space and time, and because of confounding effects of = -~

changes in land use and engineering. Furthermore, there is low agreement
in this evidence, and thus overall low confidence at the global scale
regarding even the sign of these changes ...”

SPECIAL REPORT OF THE

& e
L]
INTERGOVERNMENTAL PANEL ' cc !g
ON CLIMATE CHANGE

Uncertainty driven by multiple indices, models, datasets, time periods ...



Droughts and heatwaves

Reduced water levels/supply: public, industry and
power generation

Reduced agricultural, forestry
and fisheries productivity

Increased fire
hazard/tree die off

Damage to
wildlife
habitat

John Mccolgan/US Forest Service ) BBC




Droughts and heatwaves

Population under water shortage [m?/capita/yr]

>1700
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Source: Kummu et al. (2010)



Millions

Droughts and heatwaves

Population growth and

: North
. T changing demographics
»l Climate Change
1940 0 1960 1970 1980 1990 2000 2010 2020 2030 Potential for Drought by the End of This Century
B :.- <0 SO

Low risk

Unsustainable water use

Moderate risk

High risk
|driertham current conditions}  (similar to current conditions)  (wetter tham current conditions)

Agricultural demand and changing diets

What It Takes To Make A Quarter-Pound Hamburger

Pounds of
grains and forage

Gallons for drinking water
and irrigating feed crops

52.8

Square feet for grazing

74 5 and growing feed crops
L]

Btus for feed production and
transport. That's enough to power a
typical microwave for 18 minutes

1,036 'Y

We live in a connected world




Droughts and heatwaves

Summer 2003 was the worst
in 23 years for forest fires.

Decrease of agricultural production
5.6% of forest area was lost. : 2

4 ~ 3 .'A ¥ > ‘!?)‘ » 7 ,ﬁ
Impact of the summer 2003 heat wave and drought
- on agriculture and forestry in 5 selected countries
Impact on production 2003/2002 Financial impact
|
Poultry | Austria 197 Mio ?
" Potatoes
Maize |
Wheat I ’ :
Spain 810 Mio ?
Fodder | ¥ v
l' : Italy 4-5 000 Mio ?
b | ; Germany 1 500 Mio ?
|
s France 4 000 Mio ?
(1 500 Mio only for the beef sector)
! e | | e
-60% -50% -40% -30% -20% -10% 0%
K Data source: COPA-COGECA 2003




FicGure 1

Dro ugh tS an d h ea twa VeS Maximum central England temperature and daily mortality,

England and Wales, July and August 2003
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Droughts and heatwaves

u-@ Declining precipitation Declining soil moisture in
| across the Mediterranean the Mediterranean
80
Soil moisture index
60 —
40 —
20 —
0 - Drought area
I I I I I
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SOM Soil moisture from observation-forced land

45N surface model simulations

40N ] Source: Sheffield and Wood (2011)
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Source: Hoerling et al. (2012)



Droughts and heatwaves

The 2003 heatwave in Europe
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The 2010 heatwave in Russia

A 7-day maximum temperature

133°C/448Ds

£ \

SW 1W0E 25 40E

Fan i s

2002 !é
2003

| U007 9006

e 3 4 5 6 T 8

g MW 1M 12 13 14 (T

Source: Barriopedro et al. (2011)



a S 11E

g 27 =210 1

4

0

19 =6 & F

=3

8 12=

4

(

MED»

_|Source: Orlowsky and

Seneviratne (2013)

T

YR -

S22

SN

[ S—
peeemm——
| —

-

Droughts and heatwaves
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Droughts and heatwaves

IPCC SREX (2012) report on the increase (or not) of drought

“... there is medium confidence that since the 1950s some regions of the

- ; e — e
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world have experienced trends toward more intense and longer MANAGING THE RISKS OF EXTREME
EVENTS AND DISASTERS TO ADVANCE

droughts, in particular in southern Europe and West Africa, but in some CLIMATE CHANGE ADAPTATION
regions droughts have become less frequent, less intense, or shorter, for e
example, central North America and northwestern Australia. i

There is medium confidence that anthropogenic influence has contributed to
some changes in the drought patterns observed in the second half of the
20" century, based on its attributed impact on precipitation and temperature
changes.

However there is low confidence in the attribution of changes in droughts at
the level of single regions due to inconsistent or insufficient evidence”

SPECIAL REPORT OF THE

" ".‘ ‘_-
.
INTERGOVERNMENTAL PANEL ' cc !g
ON CLIMATE CHANGE
. Ry 3 - -t i ' —

Uncertainty driven by multiple indices, models, datasets, time periods ...



Some thoughts as a conclusion

“You'll see. If we raise the temperature very slowly, the frog
does not notice anything



With these pessimistic
conclusions...

Nice - France
(October 2015)

... [ thank you for your attention... Questions?
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